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REWORK METHODS FOR LEAD BGA/CGA 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates generally to electronic component 

assemblies Wherein the electronic components are joined 
together by solder interconnections and, more particularly, 
to the reWork of such assemblies by removing one compo 
nent from another joined component. 

2. Description of Related Art 
Forming an electronic package assembly Whereby an 

electrical component such as an integrated circuit chip is 
electrically and mechanically connected to a substrate such 
as a card, or board, another chip or another electronic part is 
Well-knoWn in the art. This technology is generally termed 
surface mount technology (SMT) and has gained acceptance 
as the preferred means of making electronic package assem 
blies. In one particular application, to Which this application 
is directed to for convenience, multilayer ceramic 
components, as exempli?ed by integrated circuit chips, are 
joined to printed circuit cards or boards Which boards are to 
be reWorked by removing defective or unWanted chips from 
the board. 

Multilayer ceramic electronic components are typically 
joined to printed circuit boards by soldering pads on a 
surface of one of the electronic components to correspond 
ing soldering pads on the surface of the other component. 
Control Collapse Chip Connection is an interconnect tech 
nology developed by IBM as an alternative to Wire bonding. 
This technology is generally knoWn as C4 technology or ?ip 
chip packaging. Broadly stated, an integrated circuit chip is 
mounted above a board and pads on the chip are electrically 
and mechanically connected to corresponding pads on the 
board by a plurality of electrical connections such as solder 
bumps. The integrated circuit chips may be assembled in a 
solder array such as 10x10 array. 

In the C4 interconnect technology, a relatively small 
solder bump is attached to the pads on one of the compo 
nents being joined, typically to the chip. The electrical and 
mechanical interconnects are then formed by positioning the 
corresponding pads on the board to be joined adjacent the 
solder bumps on the chip and re?oWing the bumps at an 
elevated temperature. The C4 joining process is self 
aligning in that the Wetting action of the solder Will align the 
chip bump pattern to the corresponding pads on the board. 
A myriad of solder structures have been proposed for the 

surface mounting of one electronic structure to another. 
Typical surface mount processes form the solder structures 
by screening solder paste on conductive, generally metallic 
pads eXposed on the surface of the ?rst electronic structure 
or substrate. A stencil printing operation is used to align the 
contact mask to the pads. The solder paste is re?oWed in an 
inert atmosphere and homogeniZes the pad and brings the 
solder into a spherical shape. The solder spheres on the 
substrate are then aligned to corresponding pads on the 
electronic structure or board to be connected thereto. After 
alignment, the substrate and board go through a re?oW 
operation to melt the solder and create a solder bond 
betWeen the corresponding pads on the substrate and other 
electronic component. The interconnection is typically in a 
form of a double truncated sphere and is termed a ball grid 
array (BGA). When the solder structure is in the form of a 
column, it is termed a column grid array (CGA). 

It has noW been proposed to use lead free solders in 
BGA/CGA interconnect schemes and these solders gener 
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2 
ally necessitate the use of higher temperatures during re?oW 
attachment. Even higher than the attach temperatures are the 
temperatures required to do reWork for removing defective 
modules and components, typically if the eXisting reWork 
methods and tools are to be used. These excessive tempera 
tures (typically above ~250° C.), can cause irreparable 
damage to the organic board substrate. Current methods 
require the use of such high temperatures to ensure that the 
solder joints reach the liquidus or eutectic temperature of the 
alloy (~221° C. for eutectic Sn/Ag and ~217° C. for eutectic 
Sn/Ag/Cu). ReWork of lead free alloys containing assem 
blies has become a critical issue in the quali?cation of this 
technology because of the high reWork temperatures 
required. 

Bearing in mind the problems and de?ciencies of the prior 
art, it is therefore an object of the present invention to 
provide a method for separating electronic components 
joined by solder connections and, in particular, lead-free 
solder connections in a BGA or CGA interconnect assembly 
such as a chip joined to a printed circuit board. 

It is another object of the present invention to provide an 
apparatus for separating electronic components joined by 
solder connections and, in particular, joined together by 
lead-free solders in a BGA or CGA interconnect assemblies 
such as a chip joined to a printed circuit board. 

It is yet another object of the present invention to provide 
an electronic component assembly reWorked using the 
method and apparatus of the invention. 

Still other objects and advantages of the invention Will in 
part be obvious and Will in part be apparent from the 
speci?cation. 

SUMMARY OF THE INVENTION 

The above and other objects and advantages, Which Will 
be apparent to one of skill in the art, are achieved in the 
present invention Which is directed to, in a ?rst aspect, a 
method for separating electronic components joined by 
solder connections comprising the steps of: 

supplying an electronic component assembly having at 
least tWo components joined by a plurality of solder 
interconnections typically arranged in a roW-by-roW 
con?guration and having a ?rst thickness; 

providing a cutting element having a thickness less than 
the ?rst thickness of the solder interconnections; 

heating the cutting element to a temperature suf?cient to 
melt the solder at the point of contact When the cutting 
element is in contact With and forced against the solder 
interconnections; 

positioning the heated cutting element adjacent a roW of 
the solder interconnections; 

applying a force to advance the heated cutting element 
through the roW of solder interconnections Whereby the 
heated cutting element engages and cuts through the 
solder interconnections and severs the roW of solder 

interconnections; 
continuing the above steps to cut and sever all the solder 

interconnections; and 
separating the tWo components. 
In a further aspect of the invention, the cutting element is 

a Wire or a blade and is preferably moved sideWays to the 
direction of travel of the cutting device either in one direc 
tion or in a reciprocating motion to provide a saWing effect 
as the cutting element is moved forWard through the roWs of 
solder interconnections. 

In another aspect of the invention, the cutting element in 
the cutting device is a Water knife Which forms a high 
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pressure Water stream directed as a jet at the roWs of solder 
interconnections to provide a cutting action to cut and sever 
the roWs of solder interconnections. 

In a further aspect of the invention, an apparatus is 
provided for separating electronic components joined by 
solder interconnections comprising: 

securing means to hold an electronic assembly having at 
least tWo components joined by a plurality of solder 
interconnections arranged typically in a roW-by-roW 
con?guration and having a ?rst thickness; 

a cutting element having a thickness less than the thick 
ness of the solder interconnections; 

a heater to heat the cutting element to a temperature 
suf?cient to melt the solder at the point of contact When 
the cutting element is contacted With and forced for 
Ward against the solder interconnections; 

positioning means to position the heated cutting element 
adjacent one of the roWs of solder interconnections; 

advancing means to force the heated cutting element 
against the roW of solder interconnections and through 
the roW of solder interconnections Whereby the heated 
cutting element cuts and severs the roW of solder 

interconnections; and 
separating means to separate the tWo components When 

all the solder interconnections have been cut and sev 
ered by the heated cutting element. 

In an additional aspect of the invention chips and other 
electronic components secured to a printed circuit board or 
other electronic component may be separated and/or 
reWorked by removing one of the joined components e.g., a 
chip, and securing a neW component, e.g., a chip to the other 
component, e.g., printed circuit board, using the method and 
apparatus of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features of the invention believed to be novel and the 
elements characteristic of the invention are set forth With 
particularity in the appended claims. The ?gures are for 
illustration purposes only and are not draWn to scale. The 
invention itself, hoWever, both as to organiZation and 
method of operation, may best be understood by reference to 
the detailed description Which folloWs taken in conjunction 
With the accompanying draWings in Which: 

FIG. 1 is an enlarged perspective schematic vieW of an 
electronic component assembly comprising a substrate hav 
ing chips attached thereto With roWs of C4 solder ball 
interconnections. 

FIG. 2A is a schematic cross-sectional vieW of FIG. 1 
taken along line 2—2 and an apparatus of the invention used 
to cut the C4 solder ball interconnections using the method 
of the invention. 

FIGS. 2B—2D shoW a sequence of operations in Which the 
roWs of solder balls of FIG. 2A are cut and severed so that 
the chip may be removed from the substrate. 

FIGS. 3A—3D shoW different schematic devices of the 
invention for cutting and severing the C4 solder ball inter 
connections. 

FIGS. 4A and 4B shoW other devices of the invention for 
cutting and severing the C4 solder ball interconnections. 

DESCRIPTION OF THE PREFERRED 

EMBODIMENT(S) 
In describing the preferred embodiment of the present 

invention, reference Will be made herein to FIGS. 1—4B of 
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4 
the draWings in Which like numerals refer to like features of 
the invention. Features of the invention are not necessarily 
shoWn to scale in the draWings. 

Referring to FIG. 1, an electronic component assembly of 
the prior art is shoWn generally as 10. The assembly com 
prises a substrate 11 having another electronic component 12 
attached thereto by a plurality of solder balls 13. The solder 
balls 13 are typically in a roW-by-roW array such as shoWn 
in the ?gure Which is a 3x3 array Which Would contain nine 
(9) solder ball interconnections. Typically the arrays could 
be 25x25 or higher. The solder balls are numbered by roWs 
as 13a, 13b and 13c. 
The substrate 11 and other electronic component 12 may 

be any electronic components as is Well knoWn in the art. For 
convenience the folloWing description Will be directed to 
substrate 11 being an organic printed circuit board and the 
electronic component 12 attached thereto being a chip. Also, 
the solder interconnections 13 Will be referred to as solder 
balls (e.g., ball grid array (BGA)) although it Will also be 
appreciated by those skilled in the art that other solder 
interconnections such as columns (e.g., column grid array 
(CGA)) may also be used to attach the components. 

Referring noW to FIG. 2A, this ?gure shoWs a cross 
sectional vieW of the electronic component assembly of FIG. 
1 taken along line 2—2. The printed circuit board substrate 
11 is shoWn having a chip 12 electrically connected thereto 
by solder balls 13 in a 3x3 array as shoWn in FIG. 1. The 
solder balls are connected by pads 14 or the chip 12 and pads 
18 on the printed circuit board 11. The solder balls are in the 
form of double truncated spheres. 
The object of the invention is to sever (cut) the solder 

balls 13 Without damaging the chip and/or board so that the 
chip 12 may be separated from the printed circuit board 11 
for reWork or other purposes. 
A cutting device is shoWn generally as 15 and comprises 

a vertical structural member 16 having a Wire 17 attached 
thereto near the bottom of the structural member. The cutting 
device 15 is positioned over the printed circuit board 11 and 
is to be moved forWard in the direction of the arroW toWard 
the ?rst solder ball roW 13a. Avise or other securing device 
28 is used to hold the chip (and/or the board) secure during 
the cutting operation. 

It is an important feature of the invention that the Wire 17 
be heated and maintained at a suitable temperature during 
the method of the invention to cut the roW of solder balls 13a 
(and neXt roWs of solder balls 13b and 13c) and sever each 
of the solder balls so that the printed circuit board 11 can be 
removed from the chip 12. 

Heating of the Wire 17 may be done using any suitable 
means and Will preferably comprise using a heating element 
in structural member 16 or externally and then fed to the 
Wire. The temperature of the Wire 17 is suf?cient to melt the 
roW of solder balls 13 at the point of contact betWeen the 
Wire and the solder preferably by the temperature of the Wire 
and the frictional force applied to the solder balls by the 
forWard movement of the cutting device 15. It should be 
appreciated that some of the solder not contacted by the Wire 
Will melt but this is preferably minimal. Also, the heat 
transferred to the circuit board or chips is also minimal so 
that the temperature of these components does not rise 
appreciably to cause damage to the component. 

Alternatively, a blade could be employed instead of a 
Wire, Whereby the blade acts as a ploW and removes a 
portion of the molten solder from the interconnection joint. 
This Would prevent reattachment of the molten solder after 
the Wire passes through the joint. The blade is preferably 
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angled as shown in FIG. 3C such that the removed solder is 
pushed (plowed) out the side of the component Where 
preferably a vacuum is used to remove the solder. 

Preferably, as shoWn in FIGS. 4A and 4B, the Wire or 
blade is moved transverse to the forWard motion of the 
device 15 to effect both a solder ball cutting and saWing 
effect. 

The cutting device 15 shoWn in FIG. 2A uses only a 
heated Wire 17 and forWard movement of the Wire and does 
not shoW the use of a transverse moving Wire to also saW the 
solder ball and enhance the cutting of the roWs of solder 
balls 13. 

After the Wire 17 is heated to a sufficient temperature it is 
moved forWard toWard the roW of solder balls 13a in the 
direction of the arroW and, as shoWn in FIG. 2B, has passed 
the ?rst solder ball array 13a severing each of the three (3) 
solder balls in the roW of solder balls 13a into an upper 
portion 19 and a loWer portion 20. An opening 25 is thus 
formed so that each solder ball in roW 13a is noW separated 
from the components 12 and 11 Which Were joined together 
by the roW of solder balls. 

The forWard motion of cutting device 15 is continued in 
the direction of the arroW and, as shoWn in FIG. 2C, has 
passed the solder ball roW 13c and has likeWise severed or 
cut all three roWs of solder balls 13a, 13b and 13c so that all 
the solder balls in the three roWs are noW separated into an 
upper portion 19 and a loWer portion 20. 
As shoWn in FIG. 2D the chip component 12 has been 

lifted from the printed circuit board 11 so that the chip 12 can 
noW be replaced or the assembly otherWise reWorked to 
form the desired assembly. 

It Will be appreciated by those skilled in the art that it is 
an important feature of the invention to cut the solder balls 
connecting the tWo electronic components using a heated 
Wire or other heated implement as discussed hereinbeloW 
and as shoWn in the other ?gures. 

The Wire 17 shoWn in FIGS. 2A—2C used to cut the solder 
balls may be any suitable Wire of any suitable thickness. The 
thickness of the Wire Will typically depend on the height h 
of the solder ball 13 and preferably for a solder ball height 
of about 0.02 inch a Wire diameter of about 0.005 inch is 
suitable. The Wire may be selected from a Wide variety of 
materials, and not limited to, such as tungsten, molybdenum, 
high carbon steel and brass. 
As noted above, it is a preferred embodiment of the 

invention that the Wire be moved sideWays relative to the 
forWard motion of the cutting device to provide a frictional 
or saWing action to the solder balls as Well as a heating and 
cutting of the solder ball due to the temperature and forWard 
motion of the Wire. Such a saWing action may be a accom 
plished by moving the Wire 17 in an endless loop as shoWn 
in FIG. 4A so that the Wire 17 is moving at a direction 
transverse to the direction of movement of the cutting device 
15 and provides a saWing or cutting frictional action on the 
solder ball surface. The Wire revolves around pulleys 27a 
and 27b in a continuous endless loop in the direction of the 
arroW to provide a saWing action in addition to the cutting 
action provided by the elevated temperature and forWard 
motion of the Wire 17. 

The Wire may have an abrasive or other cutting member 
on the surface of the Wire to increase the saWing action of the 
Wire. It is an important feature of the invention hoWever, that 
the Wire 17 be heated to a suf?cient temperature to effect 
cutting of the solder balls and the temperature Will be 
dependent on the cutting action of the Wire With a loWer Wire 
temperature being typically used for a highly abrasive Wire. 
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6 
In general, the temperature of the Wire Will eXceed the 
liquidus temperature of the solder being cut. 

Referring noW to FIGS. 3A—3D, various embodiments of 
the cutting device 15 of the invention are shoWn in sche 
matic. 

In FIG. 3A a cutting device 15 is shoWn Which is the same 
as the cutting device 15 shoWn and used in FIGS. 2A—2D. 
Thus, tWo vertical structural members 16 are joined by a 
horiZontal upper member 26 to form a cutting device 15 
Which may be moved along the surface of the circuit board 
or other substrate Which is connected to another electronic 
component to be separated therefrom. A Wire 17 extends 
betWeen the vertical structural members 16 and is positioned 
at a height Which Will be intermediate the height h of the 
solder ball When the cutting device 15 is moved forWard 
across the surface of the printed circuit board. 
Another embodiment of the Wire containing cutting 

device 15 of FIG. 3A is shoWn in FIG. 4A in Which the Wire 
may be circulated around an endless loop to provide an 
enhanced saWing and cutting action as noted above. 

In FIG. 3B another cutting device 15 is shoWn again 
having vertical structural members 16 connected by an 
overhead horiZontal member 26. Ablade or other thin device 
eXtends betWeen the vertical structural members 16. A 
vacuum port 29 is shoWn to remove molten solder as the 
blade is moved through the solder interconnect during 
cutting of the interconnect. As With the cutting device of 
FIG. 3A using a Wire 17, the blade Will move forWard 
against the roWs of solder balls 13 and cut the solder balls 
due to the thickness of the blade and the elevated tempera 
ture of the blade. The blade 21 may be provided With a 
reciprocating back and forth saWing motion to enhance the 
cutting action of the blade as shoWn in FIG. 4B. The blade 
can also be a continuous blade, i.e., band, as in a band saW. 
The thickness of the blade may vary Widely and is less than 
the height h of the solder ball. Athickness of about 0.002 to 
0.010 inch or more can be used. The Width of the blade Will 
generally be less than 50 mm although larger blades can be 
used depending on the solder interconnect to be cut. 

In FIG. 3C the blade 30 is shoWn angled having angled 
edges 30a and 30b. This con?guration enhances the ploWing 
action of the blade 30 as it moves through the solder balls 
and pushes the removed solder along the edges to the 
vacuum ports 29. 

In FIG. 3D another embodiment of the invention is shoWn 
With the cutting device 15 having vertical structural mem 
bers 16 and a connecting overhead horiZontal member 26. 
Extending betWeen the vertical members 16 is a thin Water 
jet 22 Which Water jet has a Water inlet 23 and a Water outlet 
24. As With the other embodiments, the cutting device 15 
Will be forced to move forWard across the surface of the 
printed circuit board against roWs of the solder balls and the 
Water from the outlet jets cut and sever the roWs of solder 
balls 13. Other ?uids may be used. A typical jet ?uid 
pressure is about 20,000 to 60,000 psi. The thickness of the 
Water jet is generally about 0.002 to 0.040 inch. Commercial 
Water jets made by Precision Cutting Systems, Jet Edge or 
JIT precision Water jet cutting devices or any other suitable 
Water jet can be used. 
While the present invention has been particularly 

described, in conjunction With a speci?c preferred 
embodiment, it is evident that many alternatives, modi?ca 
tions and variations Will be apparent to those skilled in the 
art in light of the foregoing description. It is therefore 
contemplated that the appended claims Will embrace any 
such alternatives, modi?cations and variations as falling 
Within the true scope and spirit of the present invention. 
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Thus, having described the invention, What is claimed is: 
1. A method for separating electronic components joined 

by a roW-by-roW array of solder interconnections cornpris 
ing the steps of: 

supplying an electronic component assembly having at 
least two components joined by a plurality of solder 
interconnections in a roW-by-roW array and having a 
?rst thickness; 

providing a Water jet cutting element having a thickness 
less than the ?rst thickness of the solder interconnec 
tions and Which element has a front edge Which eXtends 
across a roW of solder interconnections and Which has 
a plurality of Water let openings spaced along the front 
edge of the element; 

positioning the Water jet cutting elernent adjacent one of 
the roWs of the solder interconnections; 

applying a force to advance the Water jet cutting elernent 
through the roW of solder interconnections Whereby 
Water jets from the openings in the Water jet cutting 
elernent engage and simultaneously cuts through each 
solder interconnection in the roW of solder intercon 
nections and severs the roW of solder interconnections; 

continuing the above steps for the remaining roWs of 
solder interconnections to cut and sever all the roWs of 

solder interconnections; and 
separating the two components. 
2. An apparatus for separating electronic components 

joined by a roW-by-roW array of solder interconnections 
cornprising: 

securing means to hold an electronic assembly having at 
least two components joined by a plurality of solder 
interconnections in a roW-by-roW array and having a 
?rst thickness; 
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a Water jet cutting element having a thickness less than the 

thickness of the solder interconnections and Which 
element has a front edge Which eXtends across a roW of 

solder interconnections and Which has a plurality of 
Water jet openings spaced along the front edge of the 
element; 

positioning means to position the front edge of the Water 
jet cutting elernent adjacent one of the roWs of solder 

interconnections; 
advancing means to force the Water jet cutting elernent 

against the roW of solder interconnections and through 
the solder interconnections Whereby Water jets from the 
openings in the Water jet cutting elernent simulta 
neously cut and sever each solder interconnection in the 

roW of solder interconnections; and 

separating means to separate the two components When 
all the roWs of solder interconnections have been cut 

and severed roW-by-roW by the Water jet cutting ele 
rnent. 

3. The method of claim 1 Wherein the Water jet has a ?uid 

pressure of about 20,000—60,000 psi. 
4. The method of claim 3 Wherein the Water jet has a 

thickness of about 0.002—0.040 inch. 
5. The apparatus of claim 2 Wherein the Water jet from the 

Water jet cutting element has a pressure of about 20,000—60, 
000 psi. 

6. The apparatus of claim 5 Wherein the Water jet from the 
Water jet cutting element has a thickness of about 
0.002—0.040 inch. 


